Abstract-Medical imaging systems are often composed of a large number of radiation detectors to provide high resolution imaging. For example, whole-body Positron Emission Tomography (PET) systems are typically composed of thousands of scintillation crystal elements, which are coupled to photosensors. PET systems would greatly benefit from methods to reduce the number of data acquisition channels, such that the cost and complexity can be kept at a minimum. In this paper we present an electrical delay line multiplexing scheme that can significantly reduce the number of readout channels, while the signal integrity is preserved for good time resolution performance. A 4 × 4 LYSO crystal array, with each crystal element having 3 mm × 3 mm × 5 mm dimensions, was coupled to 16 Hamamatsu MPPC S10931-050P SiPM elements. For proofof-concept, 4 SiPM elements of the array were connected to the multiplexing stage. Results show that each SiPM element could be accurately identified. The method is flexible to allow multiplexing configurations across different block detectors, and is scalable to an entire ring of detectors.
I. INTRODUCTION
W ITH the recent introduction of silicon photomultiplier (SiPM) photosensors -which are much more compact than conventional photomultipliers (PMTs) and insensitive to magnetic fields (for PET-MRI integrated systems) -each scintillation crystal element can individually be coupled to a SiPM. It has been shown that very good timing resolution can be obtained with these SiPMs coupled to individual crystals (see for example [1] ), resulting in tomographic images with a high signal-to-noise ratio in whole-body time-of-flight PET. PET systems based on these SiPMs would greatly benefit from methods to reduce the number of data acquisition channels, such that the cost and complexity can be kept at a minimum. In this paper we present an electrical delay line multiplexing scheme that can significantly reduce the number of readout channels, while the signal integrity is preserved.
II. MATERIALS AND METHODS

A. Electrical delay line multiplexing method
For the delay line multiplexing method, each SiPM is connected to a preamplifier so that the SiPM signals are buffered and can be driven to the subsequent electronic stages. After each preamplifier, a 1 : 2 splitter produces two identical signal branches. One signal branch of each splitter is sent to an N : 1 combiner (i.e. summer), which produces the first multiplexed signal output. The other signal branch of each splitter is sent to a separate N : 1 combiner, but with the difference that the cable (or trace on a PCB), that transports the signal towards the combiner, has a different length for each channel. This produces the second multiplexed signal output. Signals propagate through the cables with a speed equal to v = c/ε r , where c is the light speed and ε r the relative permittivity of the cable. This implies that the propagation time towards the second combiner is different for each channel. The arrival time difference between the two multiplexed output signals will thus identify the SiPM element which registered a scintillation event. Fig. 2 shows the time difference spectra between the two output signals of the multiplexed array detector. Note that these are not coincidence spectra -as they are formed from the two signals of the array detector only -and are only used for SiPM identification in the array detector. The peaks are well-resolved and the SiPM elements can be identified accurately.
B. Experimental setup
III. RESULTS AND DISCUSSION
IV. CONCLUSION
The electrical delay line multiplexing method preserves signal integrity. The method is flexible to allow multiplexing configurations across different block detectors, and is scalable to an entire ring of detectors.
